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RESEARCH HEXHRAIOXIM 

BEUO MEASUREMENTS CD1 A SWEET-BACK WB» HAVE» JDTVERSB TAEEB 

AS mraiwiiiED BY HJEBT TESTS AT SUFERSOWIC SPEEDS 

JB&r Sidney E. Alexander 

Results of flight testa conducted at the test station of the 
langley Pllotlees Aircraft Research Divio loo at Vallops Island, Va. 
to determine the drag at scro lift of a swept-back wing of inverse 
taper are presented, tin wing had an aopoct ratio of 3>0, taper 
ratio of 1.6s, and loci j-edgs sweep of 35°. The airfoil «as of 
HACA 65-OO9 section taken normal to the loading edge. The data 
«ere obtained by radar tracking of tlie rocket-propolled winged 
body novln^ at Bur-sreonic speeds. A comparison la Bade vith the 
results of eiuilai- teeto of untaporod win^s .'isvine 3h0 and 1*5° 
sweepback of a previous paper, N.'.CA KM Bo. LoJl6. The teat 
results shoved that for tlie ccccMraale fach number range lnvoeti- 
gated (M = 1.0 to 1.2/5) the tapered win^ produced values of 
drag coefficient that averaeod about 30 percent lowsr than those 
of the 34° BWBpt-baek untaporod via', and about 20 percent higher 
than those of the k5c svopt-br.ck untaporod wing. At Mach r.unbers 
of 1.1 and 1.2, tlio tapered wing revealed drag coefficients 
of 0.0195 and 0.02P5, the latter value being the maximum value 
obtained for this arrangement. 

DOTCfDUCTICW 

She langley Pllotlees Aircraft Research Division has Included 
In Its high-speed drag research program, tests of a swept-back wing 
having Inverse taper (tip chord greater then root chord). It was 
reasoned that If oweepback and taper both produce wing-tip stall, 
then the use of Inverse taper would tend to promote oentor-sectlon 
stall and counteract, to same extent, the inherently poor stalling 
characteristics of the evept-back wing. 

Ibis paper presents the results of flight tests oonducted at 
supersonic speeds to do'.-. .mine the drag at soro lift of a swept- 
back wing of Inverse taper mounted on a rocket-propelled body« 
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BODY AND TESTS 

Bcdy 

The rocket-propelled winged teat tody was constructed of wood 
and was about 5 feet long and 5 inches in diameter. A photograph 
of the teat body equipped with the swept-back inverse-taper wing ie 
presented as figure 1. Tl a wing was mounted on the body at zero 
incidence) with the mean q  .rter-chord point ct the same longitudinal 
station na the design center of gravity. The NACA 6>-009 airfoil 
section (chord normal to leading edge) had neither twist nor 
dihedral. The sweepback of the leading edge A^.g, wes 35° and 
that of the quarter-chord line was ,7.r0. lie aspect ratio A, 
including that port of tin win? insioBi-i by the body, was 3.0j and 
the taper ratio ct/cr f-atJo cf ti-. chord to rsot shord) was 1.62. 

The fuselage consisted of a sharp nose fitted to a hollow 
cylindrical afterbody around which four stabilizing fins were 
equally spaced, eac; fin comprising a flat surface with rounded 
leading edges swept b'ick 45° and trolling edfros cut. off square. 
The fins were indexed ^5° to the w^ng, Details of the general 
arrangement are shown as figure 2. 

Tho test body was propelled by a 3.25-inch diameter Mk.7 aircraft 
rocket motor enclosed within the body. At a preignit'on temperature 
of 69° F, the motor provided about 2200 pounds of thrust for 
approximately 0.8? second. 

/     I 

Tests 

The teatlnc technique involved consists of launching the body 
at an elevation angle of 75° to the horizontal. Because of this 
high angle and the ehort burning duration of the rocket motor, 
the trajectory during the superaon'c coasting flight, after tho 
propellent was expended, wrg approximately a straight line. The 
flight velocity was BMWur i by meens of n CW Soppier radar set 
(AW/TPS-S) located at the point of launching. The values of 
temperature and static pressure used in calculating drag coefficients 
and Mach number were obtained from radiosonde observations made at 
the time of firing. 
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RESUHTS AND DISCUSSION 

The variation of velocity with flight time for the test body, 
as measured vlth the radar unit, 1B presented In figure 3» The 
maximum velocity reached by the body was 1U95 feet per second, 
vhlch corresponds to a Mach number of about 1.32. The portion of 
the velocity curve during which coasting flight was attained 
(after the propellant had been expended) was graphically differentiated 
to obtain the deceleration- from this value end the known mass 
of the body, the drag vas obtained• This is presented in figure h 
plotted 8gainst Mach number M. Although the scatter of the 
velocity-time curve has been grectl/ ma nifJed by its differentiation, 
the drag curve is satisfactorily fatum'nsO..   Drac coeffiölents 
calculated for the test body fi-ca tiio data of fi.-;;ure h and based 
on an expose«? wing area of ECO sci"*i'e iuches are presented in the 
upper part of figure 5« As a means of estimating the relative 
effectiveness of the tapered wins, similar curveB for the test 
bodies of reference 1 with the HACA 65-009 rectancular airfoils 
of 3^° and U5° sveep^ack and aspect ratio 2.7 ere included, as 
well as the data for a windless body arrangement. This latter 
ourve has been modified slightly from the correspondins one of 
reference 1 to include the average results of three- mere identical 
wingless test bodies since fired. It should be pointed out that 
the lov Mach number ron^e in these tests is'reached linen the test 
body is farthorest from the launching site. In this region, the 
etrenijth of the radar siijnal and the cliaracter of the draf> variation 
oak» inhorontly difficult a precise determination of the drag at a 
given Mach number. Because of the steepness of the drag-coefficient 
3Urve against Mach number, a very small error in Mach number 
determination will c^'-ae s  lar&e percentage error in the drag 
coefficient. Examination of the fray-coefficient curves of similar 
test bodies (in the Mach number ran^e between O.85 and 1.0) 
reveal displacement and/or chances In slope of the drac-coefficient 
curves that result in discrepancies in drag coefficient at a given 
Mach number as hl3h as *10 percent compared with *3 percent in the 
region above a Mach number of 1.0. The accuracy has since been 
increased by obtaining more accurate temporeture-pressure-oltltude 
aoun&inss, but for any appreciable increase in accuracy for 
Mach numbers below 1.0, slower mot?els should be used. 

It should be remembered also that in the transonic speed 
range peculiar transfers of drag take place between the wing and 
the body ao that wing drag plus its interference may vary Greatly 
for different designs. For the seme reason, a change in the 
body shape on which the vinos are mounted may also change the 
drag due to tho vines. 
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Corresponding curves of wing drag coefficient derived by taking 
the difference between the total-drag-coefftclent curves of the 
Winged and wingless teat todies are presented In the lower portion 
of figure 5.   These values include wing-fuselage interference effects. 
Tor the range of comparable Mach numbers, the tapered wing had 
values of drag coefficient that averaged about 30 percent lower 
than those of the 3U0 swept-back untapered wing and about 20 percent 
higher than those of the U50 swept-back untapered wing.   At Mach 
numbers 0f l.l and. 1,2, the tapered wing produced dnag-coefficient 
values of 0.0195 and 0,0225, this latter value being the maximum 
value obtained for this arrangement.   Inasmuch as the difference 
In aspect ratio and leadir.,;-edge sweep angle between the wing having 
inverse taper and the 3'>° swept-baoU rectangular airfoil Is email, 
the reduction In drag coefficient o.' the ts.pered wing over the 
untapered one can be attributed tc a ccrobinctlon of the following 
effects:   wing-fuselage inteiVei'Mce, percentage of wing area 
located in the region of high pressure drag noar the wing icot, or 
the possibility of the sweep cf some percent chord line other than 
the leading edge controlling the action of the drac as is theoretically 
indicated in reference 2 for the caBe of "delta" wings.   The 
relative contributions of each to the over-all drag value could 
be determined only by further teats o" tapered wln^s. 

COl'ICHJPTNG EEMA2KS 

Flight tests to determine the drag of a swept back wing having 
Inverse taper were conducted by the langley PIlotleas Aircraft 
Besearoh Division at Wallops Island, Va.   The wing had an aspect 
ratio of 3.0, taper ratio of 1.62, and leading-edge sweepback 
of 35°•   The drag coefficients of two untapered wings of aspect 
ratio 2.7 and sweepback angles of 314° and U5° obtained in an 
Identical fashion have also been included as a means of comparison. 
Thai results showed that for the comparable Mach number range 
investigated   (M = 1.0   to   1.27?)   the tapered wing had values of 
drag coefficient that averaged abov.t 30 percent levor than those of 
the 3U° Bwept-back untapered wing and about 20 percent higher than 
those of the k5° swept-back untapered wing.   At Mach numbers 
of 1.1 and 1*2 the tapered wing produced drag-coefficient values 
of O.OI95 and 0.0225, this latter value being the maximum value 
obtained for this arrangement. 

Isngley Memorial Aeronautical Laboratory 
national Advisory Ccnmlttee for Aeronautics 

langley Field, Va, 
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